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(57) ABSTRACT

A wave winding coil for a rotary electrical machine includes
a coil conductor including coil side portions and coil end
portions, the coil conductor being wound to include a wave
winding configuration, a relational expression expressing a
total number of the coil side portions included in a phase coil
is expressed by a mathematical expression 1 mxk=nxqx2p,
and m refers to the number of the phase unit coils that are
parallelly connected to each other, k refers to the number of
the coil side portions that are serially connected to each other,
q refers to the number of serially-connected-conductors per
magnetic pole, the serially-connected-conductor belongs to
one of the kinds of the coil side portions, 2p refers to the
number of the magnetic pole, m refers to a common divisor
between qx2p and n.
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1
WAVE WINDING COIL FOR ROTARY
ELECTRICAL MACHINE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority under 35
U.S.C. §119 to Japanese Patent Application 2011-276884,
filed on Dec. 19, 2011, the entire content of which is incor-
porated herein by reference.

TECHNICAL FIELD

This disclosure generally relates to a wave winding coil for
a rotary electrical machine.

BACKGROUND DISCUSSION

As a method for winding a stator winding and/or a rotor
winding of a rotary electrical machine including, for
example, a motor, wave winding where a coil conductor is
wound in a wavy state is known. As an example of a known
rotary electrical machine having a wave winding configura-
tion, a rotary electrical machine provided with a wave wind-
ing coil is disclosed in JP39523468B (hereinafter referred to as
Patent reference 1). According to Patent reference 1, a three-
phase wave winding configuration is established by using six
pieces of coil sides that are arranged apart from each other by
one slot pitch.

The coil side for one phase includes an up conductor por-
tion at which a coil is wound in a direction away from a phase
terminal and a down conductor portion at which the coil is
wound in a direction closer to the phase terminal. The coil
sides each wound in the wave winding are connected to each
other in series at a side opposite to the phase terminal. Here,
the winding wire that is serially connected in a manner that
the up conductor portion includes the wave winding configu-
ration is referred to as an up winding portion and the winding
wire that is serially connected in a manner that the down
conductor portion includes the wave winding configuration is
referred to as a down winding portion. At a phase unit coil,
that is, a winding coil for one phase, the up winding portion
and the down winding portion are serially connected to each
other.

However, Patent reference 1 discloses a known wave wind-
ing configuration where the number of kinds of the coil side at
each magnetic pole of each phase is one, or a wave winding
configuration including a stator structure in which the number
of'slots at each magnetic pole of each phase is one and which
includes one kind of coil side that is accommodated in the slot
of'the stator. Here, in a case where there are plural kinds of the
coil side at each magnetic pole of each phase or in a case
where the stator structure includes plural number of the slots
at each magnetic pole of each phase and thus the number of
the kinds of the coil sides accommodated in the respective
slots is increased to be plural, all the coil sides in the same
phase need to be serially connected to each other because
induced voltage generated at each coil side in the same phase
differs from each other, and thus a circulating current in a
phase is generated, which may lead to decrease in output of
the rotary electrical machine. The known wave winding con-
figuration will be described with reference to FIGS. 12 and
13.

FIG. 12 schematically illustrates a phase configuration of
the rotary electrical machine including two kinds of coil side
at each magnetic pole of each phase. The rotary electrical
machine illustrated in FIG. 12 includes a known wave wind-
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ing configuration where the number ofkinds of the coil side at
each magnetic pole of each phase is two or a wave winding
configuration including a stator structure where the number
of slots at each magnetic pole of each phase is two and
including the two kinds of coil side accommodated in the slots
of the stator. FIG. 13 schematically illustrates a connection
status of U-phase coils illustrated in FIG. 12. FIG. 12 illus-
trates an example where the number of the kinds of the coil
side at each magnetic pole of each phase is increased to be
plural by connecting a phase unit coil 9X1 and a phase unit
c0il 9X2 (X refers to any one of phases U, V and W) with each
other in parallel. For example, at a phase unit coil 9U1 of a
U-phase, an up winding portion 9Ula and a down winding
portion 9U15b are connected to each other in series, and at a
phase unit coil 9U2, an up winding portion 9U2qa and a down
winding portion 9U25 are connected to each other in series.
The same will apply to a V phase and to a W phase. The two
kinds of the coil side at each magnetic pole of each phase are
apart from each other by one winding pitch in a moving
direction of a magnetic pole of a movable element.

Related to the two kinds of the coil side at each magnetic
pole of each phase, the induced voltage generated at the phase
unit coil 9U1 at which the coil sides of the same kind are
serially connected to each other and the induced voltage
generated at the phase unit coil 9U2 at which the coil sides of
the same kind are serially connected to each other are differ-
ent from each other. This is because the phase unit coil 9U1
and the phase unit coil 9U2 are in a same phase to each other
(that is, the U phase), however, precisely speaking, phases
thereof are different from each other as the coil sides thereof
are apart from each other by one winding pitch in the moving
direction of the magnetic pole of the movable element. For
example, the induced voltage generated at the coil sides of the
phase unit coil 9U1 is assumed to be higher than the induced
voltage generated at the coil sides of the phase unit coil 9U2
at a predetermined time. In this case, the coil sides at which
the respective induced voltages are relatively high are serially
connected to each other at the phase unit coil 9U1, and the coil
sides at which the respective induced voltages are relatively
low are serially connected to each other at the phase unit coil
9U2. Where the induced voltages generated at the phase unit
coils 9U1 and 9U2 are 9E1 and 9E2, respectively, the induced
voltage 9E1 is higher than the induced voltage 9E2, and thus
the circulating current is generated in the U phase. The above-
mentioned explanation applies also to the V phase and the W
phase, and output of the known rotary electrical machine is
decreased due to the circulating current in each of the phases.

A need thus exists for a wave winding coil for a rotary
electrical machine, which is not susceptible to the drawback
mentioned above.

SUMMARY

According to an aspect of this disclosure, a wave winding
coil for a rotary electrical machine includes a coil conductor
including coil side portions and coil end portions, each of the
coil side portions is configured to be provided by insertion at
each slot of a stator core and to be positioned in the slot in an
alternating manner, each of the coil end portion being formed
integrally with each of the coil side portions and connecting
end portions of the coil side portions to each other, the end
portions of the side portions are located at an identical side in
a direction of the coil side portion, the coil conductor is
wound to include a wave winding configuration, wherein one
coil side portion is selected at each of magnetic poles from
among n kinds of coil side portions which are arranged at each
of the magnetic poles of each phase, the n kinds of coil side
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portions are in a same phase and includes different electro-
magnetic phase from each other, n refers to a natural number,
the coil side portions selected for a required number of the
magnetic poles are serially connected to each other at the coil
end portions of the coil side portions for forming a phase unit
coil, plural phase unit coils are parallelly connected to each
other for forming a phase coil, each of the plural phase unit
coils includes the selected coil side portions that are different
from each other, each of the phase unit coils of the phase coil
includes all of the n kinds in a manner that an identical
number of each of the n kinds of coil side portion is included
in each of the phase unit coil, the coil side portions are
selected in a manner that the number of the coil side portions
serially connected to each other is identical to each other
between the plural phase unit coils, a relational expression
expressing a total number of the coil side portions included in
the phase coil is expressed by a mathematical expression 1,
the mathematical expression 1 refers to mxk=nxqx2p, and m
refers to the number of the phase unit coils that are parallelly
connected to each other, k refers to the number of the coil side
portions that are serially connected to each other, q refers to
the number of serially-connected-conductors per magnetic
pole, the serially-connected-conductor belongs to one of the
kinds of the coil side portions, 2p refers to the number of the
magnetic pole, m refers to a common divisor between qx2p
and n.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and additional features and characteristics
of this disclosure will become more apparent from the fol-
lowing detailed description considered with the reference to
the accompanying drawings, wherein:

FIG. 1A schematically illustrates a state, for one phase, of
layer change of a coil conductor arranged across first and
second layers in a manner that a portion of the coil conductor
which connects the first and second layers is minimized,
when viewed from a side C of FIG. 1B according to a first
embodiment;

FIG. 1B illustrates a state where a coil conductor for one
phase is wound around a winding core according to the first
embodiment;

FIG. 1C illustrates a state where the winding core is
removed from the state of FIG. 1B;

FIG. 1D illustrates a state where the coil conductor for one
phase is wound, at a back side (a side A) of a paper surface on
which FIG. 1D is drawn (that is, a perspective view viewed
from a side B) according to the first embodiment;

FIG. 1E illustrates a state where the coil conductor for one
phase is wound, at a front side (a side B) of the paper surface
on which FIG. 1E is drawn according to the first embodiment;

FIG. 1F schematically illustrates the state of the layer
change of the coil conductor, for one phase, arranged across
the first and second layers in a manner that the portion of the
coil conductor which connects the first and second layers is
minimized, when the state of FIG. 1B is viewed from a side D
of FIG. 1B;

FIG. 2A schematically illustrates the state, for three
phases, of the layer change of the coil conductor arranged
across the first and second layers in a manner that the portion
of the coil conductor which connects the first and second
layers is minimized, when viewed from a side C of FIG. 2B
according to a second embodiment;

FIG. 2B illustrates a state where the coil conductors for
three phases are wound around the winding core according to
the second embodiment;
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FIG. 2C illustrates a state where the winding core is
removed from the state of FIG. 2B;

FIG. 2D illustrates a state where the coil conductor is
wound for three phases, at a back side (a side A) of a paper
surface on which FIG. 2D is drawn (that is, a perspective view
viewed from a side B) according to the second embodiment;

FIG. 2E illustrates a state where the coil conductor is
wound for three phases, at a front side (a side B) of the paper
surface on which FIG. 2E is drawn;

FIG. 2F schematically illustrates the state of the layer
change of the coil conductor, for three phases, arranged
across the first and second layers in a manner that the portion
of the coil conductor which connects the first and second
layers is minimized, when the state of FIG. 2B is viewed from
a side D of FI1G. 2B;

FIG. 3 is a cross-sectional view taken along line III-III in
FIG. 2C;

FIG. 4 schematically illustrates a phase configuration of
the helically-wound sheet-shaped coil of the first embodi-
ment;

FIG. 5 schematically illustrates a connection status of U
phase coils of FIG. 4;

FIG. 6A schematically illustrates a configuration of end
portions (a sheet-end connection) of the helically-wound
sheet-shaped coil at the U phase when viewed in a sheet
thickness direction according to the first embodiment;

FIG. 6B schematically illustrates a configuration of end
portions (a sheet-end connection) of the helically-wound
sheet-shaped coil at a V phase when viewed in the sheet
thickness direction according to the first embodiment;

FIG. 6C schematically illustrates a configuration of end
portions (a sheet-end connection) of the helically-wound
sheet-shaped coil at a W phase when viewed in the sheet
thickness direction according to the first embodiment;

FIG. 6D schematically illustrates the configuration of the
end portions (the sheet-end connection) of the helically-
wound sheet-shaped coil at the U, V and W phases when
viewed in the sheet thickness direction according to the first
embodiment;

FIG. 7 schematically illustrates the helically-wound sheet-
shaped coil rolled so as to be overlapped in a radial direction
of a stator core according to the first embodiment;

FIG. 8A schematically illustrates a configuration of an end
portion (a sheet-end routing) of a U phase of a helically-
wound sheet-shaped coil according to a second embodiment;

FIG. 8B schematically illustrates a configuration of an end
portion (a sheet-end routing) of a V phase of the helically-
wound sheet-shaped coil according to the second embodi-
ment;

FIG. 8C schematically illustrates a configuration of an end
portion (a sheet-end routing) of a W phase of the helically-
wound sheet-shaped coil according to the second embodi-
ment;

FIG. 8D schematically illustrates the configuration of the
end portion (the sheet-end routing) of the U, V and W phases
of the helically-wound sheet-shaped coil according to the
second embodiment;

FIG. 9A is a cross-sectional view of coil side portions of a
helically-wound sheet-shaped coil including a concentric
cylindrical shape according to a third embodiment, in a state
where the helically-wound sheet-shaped coil is developed in
a planar state;

FIG. 9B is a cross-sectional view of the coil side portions of
the helically-wound sheet-shaped coil including the concen-
tric cylindrical shape according to the third embodiment;

FIG.10A is a view developed in a circumferential direction
of a rotary electrical machine including three kinds of coil
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side portions at each magnetic pole of each phase according to
a fourth embodiment, illustrating an example of a connection
status of U-phase coils where a full-pitch winding portion is
not included;

FIG. 10B is a view developed in the circumferential direc-
tion of the rotary electrical machine including the three kinds
of coil side portions at each magnetic pole of each phase
according to the fourth embodiment, illustrating an example
of a connection status of the U-phase coils where the full-
pitch winding portion is included in part of the phase unit coil;

FIG. 11 schematically illustrates an example of a phase
configuration of U phase of a rotary electrical machine
including n kinds of coil side portions at each magnetic pole
of each phase;

FIG. 12 schematically illustrates a known phase configu-
ration of a rotary electrical machine including two kinds of
coil sides at each magnetic pole of each phase;

FIG. 13 schematically illustrates a known connection sta-
tus of a U-phase coil of the rotary electrical machine of FIG.
12; and

FIG. 14 schematically illustrates a state where the coils are
arranged at respective slots of the stator core according to the
embodiments disclosed here.

DETAILED DESCRIPTION

Embodiments related to this disclosure will be explained
with reference to the drawings. In each of the embodiments,
the same reference numbers designate the same or corre-
sponding portions, and therefore, description of these por-
tions is omitted. Each of the drawings is a schematic view and
does not specity a dimension of structural detail.

(1) First Embodiment

A wave winding coil for a rotary electrical machine of the
first embodiment corresponds to a helically-wound sheet-
shaped coil in which coil conductors are linked to each other
in a helical state so as to establish a wave winding configu-
ration. First, the helically-wound sheet-shaped coil will be
explained in detail. FIGS. 1A to 1F schematically illustrate a
unit coil for one phase of the helically-wound sheet-shaped
coil.

Solidlines in FIGS. 1A to 1F illustrate a state where the coil
conductor is wound starting at a position of a winding pitch
S10 at every six winding pitches. At the position of the wind-
ing pitch S10, a coil unit 1a, which is illustrated in the solid
line, is wound in a direction from a front side (a side B) of a
paper surface on which FIG. 1A is drawn to a back side (a side
A) of the paper surface. At winding pitches S10, S16, S22,
S28 and S34, the coil unit 1a includes a coil side portion 10a
(that is, an up conductor portion 1la, a down conductor
portion 12a) extending linearly in a short direction of a wind-
ing core (the direction orthogonal to an axis of the winding
core). The coil side portion 10a defined when the coil con-
ductor is wound from the side B to the side A is referred to as
the up conductor portion 11a and the coil side portion 10a
defined when the coil conductor is wound from the side A to
the side Bis referred to as the down conductor portion 12a. An
end portion of the up conductor portion 11a and an end
portion of the down conductor portion 124, the end portions
which are located at a same side in a direction of the coil side
portion 10a, 105, are connected to each other by means of a
coil end portion 20a formed integrally with the coil side
portion 10a. The coil end portion 20a is wound and turned at
each winding pitches S13, S19, S25, S31 and S37 so as to
form a wound-and-turned portion 21a. In the embodiments of
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this disclosure, the term “connect” and derivatives thereof
refer to “electrically connect”, unless otherwise specified.

As illustrated in FIGS. 1A to 1F, in the embodiments, the
coil conductor including the coil end portion 20a for one-half
apole pitch, the up conductor portion 11a, the coil end portion
20a for one pole pitch, the down conductor portion 12a, the
coil end portion 20a for one-half a pole pitch is referred to as
a coil element 4a. The coil conductor in a state where the coil
elements 4a are arranged and connected to each other in a
lengthwise direction ofthe winding core (an axial direction of
the winding core) at every two pole pitches is referred to as the
coil unit 1a (serving as the coil conductor).

Dotted lines in FIGS. 1A to 1F illustrate the state where the
coil conductor is wound starting at the position of the winding
pitch S10 at every six winding pitches (one pole pitch) in a
similar manner to the coil unit 1a illustrated in the solid line.
A coil unit 15 (serving as the coil conductor), which is illus-
trated in the dotted line, is different from the coil unit 1a in
that the coil unit 14 is wound in a direction from the back side
of'the paper surface (the side A) on which FIG. 1A is drawn to
the front side of the paper surface (the side B) at the position
of the winding pitch S10. In a similar manner to the coil unit
1a illustrated in the solid line, the coil unit 15 illustrated in the
dotted line is formed with a coil side portion 105 (that is, an up
conductor portion 115, a down conductor portion 125) at the
winding pitches S10, S16, S22, S28 and S34. The coil side
portion 105 includes the up conductor portion 115 and the
down conductor portion 1256. The end portion of the up con-
ductor portion 1156 and the end portion of the down conductor
portion 125, the end portions which are located at a same side,
are connected to each other by means of'a coil end portion 205
formed integrally with the coil side portion 106. The coil end
portion 205 is wound and turned at each of the winding
pitches S13, S19, S25, S31 and S37 so as to form a wound-
and-turned portion 215.

In a similar manner to the coil unit 1a, in the embodiments,
the coil conductor including the coil end portion 2056 for
one-half a pole pitch, the up conductor portion 115, the coil
end portion 205 for one pole pitch, the down conductor por-
tion 125, the coil end portion 205 for one-half a pole pitch is
referred to as a coil element 45. The coil conductor in a state
where the coil elements 45 are arranged and connected to
each other in the lengthwise direction ofthe winding core (the
axial direction of the winding core) at every two pole pitches
is referred to as the coil unit 1. The coil unit 1a illustrated in
the solid line and the coil unit 15 illustrated in the dotted line
are provided as a pair in a sheet thickness direction.

After the coil side portion 10a of the coil unit 1a and the
coil side portion 106 ofthe coil unit 15 are pressure-formed so
as to be adjacent and closely adhered to each other in a
direction orthogonal to the paper surface, the coil side portion
104 and the coil side portion 105 are arranged apart from each
other by two pole pitches, across two layers in the lengthwise
direction of the winding core (the axial direction of the wind-
ing core). The coil side portion 10« and the coil side portion
105 which are formed at the back side (the side A) of the paper
surface are referred to as a first layer and the coil side portion
104 and the coil side portion 105 which are formed at the front
side (the side B) of the paper surface are referred to as a
second layer. Each of FIGS. 1A and 1F illustrates a state of
layer change of the coil conductor between the first and sec-
ond layers when viewed from a side C or a side D which are
illustrated in FIG. 1B. FIGS. 1A and 1F schematically illus-
trate the state of the layer change in a manner that a portion of
the coil conductor which connects the first and second layers
is minimized. In a state where the coil units 1a and 15 are
provided at or attached to a stator core 50, the lengthwise
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direction of the winding core illustrated in FIG. 1B (the axial
direction of the winding core) corresponds to a moving direc-
tion of amagnetic pole 61 ofa movable element 60. The stator
core 50 is provided with a stator core magnetic pole 51 (that
is, the magnetic pole 51) and with a slot 52.

FIG. 2A schematically illustrates the helically-wound
sheet-shaped coil for three phases. FIGS. 2A to 2F corre-
spond to FIGS. 1A to 1F, respectively. More specifically, the
winding pitch S in FIG. 2A corresponds to the winding pitch
SinFIG. 1A.FIG. 3 is a cross-sectional view taken along line
III-1I1 in FIG. 2C. In the first embodiment, the coil element 4a
illustrated in a solid line and the coil element 45 illustrated in
a dotted line which are adjacent to each other in the same slot
52 are arranged as a pair. The pair of coil elements 4a and 45
are arranged in the lengthwise direction of the winding core
(the axial direction of the winding core) at every two pole
pitches. For example, as illustrated in FIGS. 2A to 2F and 3,
the coil element 4a is formed between the second layer of the
winding pitch S10 and the first layer of the winding pitch S16,
and the coil element 45, which is the other coil element of the
pair, is formed between the first layer of the winding pitch S10
and the second layer of the winding pitch S16. In a similar
manner, the coil element 4a is formed between the second
layer of the winding pitch S11, which is advanced from the
winding pitch S10 by one winding pitch, and the first layer of
the winding pitch S17, and the coil element 45, which is the
other coil element of the pair, is formed between the first layer
of'the winding pitch S11 and the second layer of the winding
pitch S17. That is, the coil element 4a is positioned in the
respective slots 52 in an alternating manner between the first
and second layers, and the coil element 454 is positioned in the
respective slots 52 in the alternating manner between the first
and second layers.

In the first embodiment, as illustrated in FIG. 3, the coils
are configured in an order of: the U phase (a forward direction
U1), the U phase (the forward direction U2), the W phase (a
reverse direction W1 followed by an asterisk), the W phase
(the reverse direction W2 followed by an asterisk), the V
phase (the forward direction V1), the V phase (the forward
direction V2), the U phase (the reverse direction U1 followed
by an asterisk) and the U phase (the reverse direction U2
followed by an asterisk) in the moving direction of the mag-
netic pole 61 of the movable element 60. The forward and
reverse directions refer to flow directions of electric current.
In the first embodiment, two of the coils in the same phase,
that is, the coil units 14 and 15 in the same phase, are arranged
adjacent to each other in the moving direction of the magnetic
pole 61 of the movable element 60, and a winding wire unit of
the coils in the same phase is constituted by four. The coil
units 1a, 15, 1a and 15 in the same phase are connected to
each other so that the flow direction of electric current coin-
cides with each other in a case where the rotary electrical
machine is actuated. Thus, the three-phase winding wire is
constituted by the winding wire units corresponding to
twelve. As illustrated in FIG. 3, the coil side portions that are
adjacent to each other in the moving direction of the magnetic
pole 61 of the movable element 60 are arranged apart from
each other by a predetermined interval 1W so that a magnetic
tooth portion of the stator core 50 is accommodated in the
predetermined interval 1W.

Asillustrated in FIG. 3, the coil side portion of an X1 phase
(X refers to any one of the phases U, V and W, the same
hereinafter) and the coil side portion of an X2 phase are apart
from each other by one winding pitch in the moving direction
of the magnetic pole 61 of the movable element 60, and thus
the coil units 1a and 16 of the X1 phase and the coil units 1a
and 156 of the X2 phase are apart from each other by one
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winding pitch in the moving direction of the magnetic pole 61
of'the movable element 60. For example, it is assumed that a
phase unit coil 5X1 is formed by serially connecting the coil
units 1a and 15 of the X1 phase to each other, a phase unit coil
5X2 is formed by serially connecting the coil units 1a and 15
of'the X2 phase to each other, and a phase coil 6X is formed
by connecting the phase unit coils 5X1 and 5X2 in parallel
with each other. In this case, the phase unit coils 5X1 and 5X2
are apart from each other by one winding pitch in the moving
direction of the magnetic pole 61 of the movable element 60,
and therefore the phases of the phase unit coils 5X1 and 5X2
are, precisely speaking, different from each other even though
the phase unit coils 5X1 and 5X2 are in the same phase (the X
phase), which is referred to as “the phases are electromag-
netically different” in the embodiments of this disclosure.
Accordingly, the induced voltage generated at the phase unit
coils 5X1 and the induced voltage generated at the 5X2 are
different from each other, and thus the circulating current is
generated in the phase, thereby decreasing the output of the
rotary electrical machine.

FIG. 4 schematically illustrates a phase configuration of
the helically-wound sheet-shaped coil. FIG. 5 schematically
illustrates a connection status of U phase coils of FIG. 4. In
the first embodiment, the coil unit 1a of the X1 phase and the
coil unit 15 of the X2 phase are connected to each other in
series so as to form the phase unit coil 5X1. The coil unit 1a
of the X2 phase and the coil unit 15 of the X1 phase are
connected to each other in series so as to form the phase unit
coil 5X2. The phase unit coils 5X1 and 5X2 are connected to
each other in parallel so as to form the phase coil 6X. As
illustrated in FIGS. 4 and 5, an X-phase terminal is referred to
as an X-phase terminal 5TX, and a neutral point is referred to
as a neutral point 5N.

For example, it is assumed that the induced voltage gener-
ated at the coil side portion of the X1 phase is higher than the
induced voltage generated at the coil side portion of the X2
phase at a predetermined time. In this case, the coil unit 1a of
the X1 phase at which the induced voltage is relatively high is
serially connected to the coil unit 16 of the X2 phase at which
the induced voltage is relatively low so as to form the phase
unit coil 5X1. In addition, the coil unit 1a of the X2 phase at
which the induced voltage is relatively low is serially con-
nected to the coil unit 15 of the X1 phase at which the induced
voltage is relatively high so as to form the phase unit coil 5X2.
Here, an induced voltage 5E1 generated between end portions
of the winding wire of the phase unit coil 5X1 is equal to an
induced voltage 5E2 generated between end portions of the
winding wire of the phase unit coil 5X2, and therefore no
circulating current is generated in the X phase. Thus, the
reduction in the output due to the circulating current in the
phase does not occur, and therefore the output of the rotary
electrical machine is maintained. This will apply also to acase
where the induced voltage generated at the coil side portion of
the X1 phase is lower than the induced voltage generated at
the coil side portion of the X2 phase. In addition, the first
embodiment includes the wave winding configuration having
a stator-circumference-multiple, that is, a circumferential
length of the phase unit coil 5X1, 5X2 is a natural-number
multiple of a circumferential length of the stator. Thus, even
in a case where, for example, variations occur in field flux due
to eccentricity of the rotor and the like, the induced voltages
which are substantially equal to each other between the
phases are generated at the phase coils 6X and each of the
induced voltages generated at the phase coils 6X include a
phase difference of 120 degrees (an electrical angle) therebe-
tween in the order of the phases. Consequently, the output of
the rotary electrical machine is not decreased by an inner
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circulating current between the phases, and thus the output of
the rotary electrical machine is maintained.

FIGS. 6A to 6D schematically illustrate a configuration of
end portions (a sheet-end connection) of the helically-wound
sheet-shaped coil. FIGS. 6A to 6D illustrate a connection
status of the winding wire at a sheet end portion in the sheet
thickness direction. FIGS. 6A to 6C illustrate the connection
statuses for one phase at the U phase, V phase and W phase,
respectively. FIG. 6D illustrates the connection status for the
three phases. As illustrated in FIGS. 6 A to 6D, the coil unit 1a
is illustrated in a solid line and the coil unit 15 is illustrated in
a dotted line in a similar manner to FIGS. 1A to 1F and 2A to
2F. Reference numbers appearing in FIGS. 6A to 6C indicate
a connection order in which the wire is connected from the
phase terminal 5TX to the neutral point 5N. Because the
phase unit coils 5X1 and 5X2 are connected to each other in
parallel, a connection order of the winding wire of the phase
unit coil 5X1 is indicated with reference numbers starting
with 1 and a connection order of the winding wire of the phase
unit coil 5X2 is indicated with reference numbers starting
with 100 for convenience of the explanation. The explanation
will be made hereunder on the basis of FIG. 6A using the U
phase as an example, which applies also to the V phase and the
W phase.

The coil unit 1a of a U1 phase and the coil unit 15 of a U2
phase are connected to each other in series so as to form a
phase unit coil SU1. The coil unit 1a of the U1 phase is wound
starting at the U-phase terminal 5TU in the right direction on
apaper surface on which FIG. 6A is drawn (refer to reference
numbers 1 to 5). The coil unit 1a of the U1 phase is connected,
that is, re-connected, to the coil unit 16 of the U2 phase at a
connecting point 5JU1 located at the sheet end portion. The
coil unit 16 of the U2 phase is wound back in the left direction
on the paper surface at the connecting point 5JU1 (refer to
reference numbers 6 to 11) and then connected to the neutral
point 5N.

The coil unit 1a of the U2 phase and the coil unit 16 of the
U1 phase are connected to each other in series so as to form a
phase unit coil 5U2. The coil unit 1a of the U2 phase is wound
starting at the U-phase terminal 5TU in the right direction on
the paper surface on which FIG. 6A is drawn (refer to the
reference numbers 100 to 104). The coil unit 1a of the U2
phase is connected to the coil unit 16 of the Ul phase at a
connecting point 5JU2 located at the sheet end portion. The
coil unit 16 of the U1 phase is wound back in the left direction
on the paper surface at the connecting point 5JU2 (refer to the
reference numbers 105 to 110), connected to the coil unit 16
of'the U2 phase at a connecting point 5JU3 located at the sheet
end portion, and then connected to the neutral point 5N. The
phase unit coil 5U1 and the phase unit coil 5U2 are connected
to each other in parallel so as to form a phase coil 6U. The coil
units 1a and 15 of the U2 phase are apart from the coil units
1a and 16 of the U1 phase by one winding pitch in the moving
direction of the magnetic pole 61 of the movable element 60
(in the right direction on the paper surface on which FIG. 6A
is drawn), and the unit coils 1a and 15 are provided as a pair
in the sheet thickness direction. Alternatively, the coil unit 15
of'the U1 phase may be routed to the neutral point 5N without
performing the connecting processing at the connecting point
5JU3, so that the connecting processing for all of the three
phases is performed at the neutral point 5N.

According to the first embodiment, the re-connection
between the coil side portions is performed at end portions of
the helically-wound sheet-shaped coil in the moving direc-
tion of the magnetic pole of the movable element, and there-
fore the coils are manufactured easily and an operation per-
formance is enhanced. In addition, the coil end portions in the
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same phase, whose coil side portions are re-connected, are
not overlapped with each other in the sheet thickness direc-
tion, and thus the coil end portions at which the coil side
portions are re-connected are made compact. That is, the coil
end portions at which the coil side portions are re-connected
are overlapped with each other in a direction orthogonal to the
moving direction of the magnetic pole of the movable ele-
ment. Further, according to the first embodiment, the coils are
connected to each other at the sheet end portion in the moving
direction of the magnetic pole 61 of the movable element 60.
Accordingly, the connection between the coil units 1a and 15
of'the phase unit coils 5X1 and 5X2 may be established after
each of the coil units 1a and 15 is wound, which makes the
manufacturing of the coils easy and enhances the operation
performance.

Next, the winding wire of the helically-wound sheet-
shaped coil will be described. In the first embodiment, a
surface of the conductor of the winding wire is coated with an
insulating layer including, for example, enamel. A cross-
sectional shape of the winding wire is not specifically limited
and may include any desired shape. For example, winding
wires of a various kinds of cross-sectional shapes, including,
for example, a round wire having a circular-shaped cross
section and a rectangular wire having a polygon-shaped cross
section, may be used. Further, the winding wire constituted by
combining plural thinner winding strands may be used. The
coil units 1a and 15 may be formed, for example, by being
wound around the winding core to form a helical configura-
tion. The winding may be performed by winding one wire by
one, or plural wires are wound at the same time. For example,
apinora groove may be provided at the winding core, and the
winding wire may be wound around the winding core while
the pin or groove is used as a guide for winding so that the
winding pitch S is ensured. After completion of winding all
the wires as illustrated in FIGS. 2A to 2F, the winding core is
removed from the wound wires, and the winding wires are
pressure-formed so that the coil side portions 10a and 105,
which constitute a pair of coil units 1a and 15, are adjacent
and closely adhered to each other in the direction orthogonal
to the paper surface on which FIGS. 2A to 2F are drawn. In
consideration of possible damages made to the winding wire
during the pressure-forming, for example, resin coating for a
purpose of repairing the damaged wire may be applied after
completion of the pressure-forming.

At the end of this section, a method for mounting or attach-
ing the helically-wound sheet-shaped coil to the stator core 50
will be explained. FIG. 7 schematically illustrates the heli-
cally-wound sheet-shaped coil rolled so as to be overlapped in
a radial direction of the stator core 50. In the first embodi-
ment, as illustrated in FIG. 7, a helically-wound sheet-shaped
coil 3 constituted by the two layers is rolled so as to be
overlapped in the radial direction of the stator core 50, and the
embodiment may be applied to a cylindrical rotary electrical
machine of a radial type where a rotor and a stator are
arranged in a radial direction thereof concentrically relative to
each other.

In a case where the helically-wound sheet-shaped coil 3 is
mounted or attached to the stator core 50, first, the helically-
wound sheet-shaped coil 3 is rolled up in a spiral shape, and
is then accommodated at an inner circumferential side of the
stator core 50. The helically-wound sheet-shaped coil 3 that is
rolled in the spiral shape is mounted to the stator core 50 while
being unrolled from an outer circumferential side thereof. In
a case where an entire helically-wound sheet-shaped coil 3
that is rolled in the spiral shape is not accommodated at the
inner circumferential side of the stator core 50, part of the
helically-wound sheet-shaped coil 3 which is not accommo-
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dated thereat, or the entire helically-wound sheet-shaped coil
3 may be arranged in a planar state outside an axially end
portion of the stator core 50, and may be mounted to the stator
core 50 in a manner that the sheet is supplied from the outside
of'the stator core 50 while being rolled up in the spiral shape.

Afterthe helically-wound sheet-shaped coil 3 is attached to
the stator core 50, connecting and drawing processing on the
wires is performed at the phase terminal 5TX and at the
connecting processing is performed at the neutral point 5N.
According to the first embodiment, the configuration of the
end portion of the helically-wound sheet-shaped coil 3 is
configured by means of the sheet-end connection as illus-
trated in FIGS. 6A to 6F, and therefore the connection of the
winding wires at connecting points 5JX1 and 5JX2 both
located at the sheet end portion are performed together there-
with. After connecting of the winding wires for the three
phases is completed, the winding wires are secured to the
stator core 50 by means of, for example, varnishing or resin-
molding.

According to the first embodiment, the coil elements 4a
and 45 that are adjacent to each other in the same slot 52 are
arranged as the pair, and the coil elements 4a and 4b are
arranged at every two pole pitch in the moving direction of the
magnetic pole 61 of the movable element 60. Accordingly, a
relative positional relationship of the coil elements 4a and 45
relative to each other in the moving direction of the magnetic
pole 61 of the movable element 60 is maintained. Further, the
go conductor portions 11a and 115 and the return conductor
portions 12a and 1256, which are arranged in different layers
of'the coil side portion 10a and 105 that are formed in the two
layers in the thickness direction, are linked in turn to each
other at the coil end portions 20a and 205 in the helical state,
and are connected to each other to form the wave winding
configuration, thereby forming the coil units 1a and 16. Thus,
the layer change is performed per conductor at the coil end
portions 20a and 2056 in an orderly manner in which the
conductors are aligned. Accordingly, the coil end portions
20a and 206 are prevented, in a fine and three-dimensional
manner, from being overlapped with each other, and therefore
aspace factor of the coil end portions 20a and 205 is improved
so that the coil end portions 20a and 205 occupy less space.
Further, the coil end portions 20a and 2056 are made shorter,
and thus compact, which reduces a leakage reactance. Fur-
ther, the wires are wound to include a full-pitch wave winding
configuration except for at the sheet end portion in the moving
direction of the magnetic pole 61 of the movable element 60,
where the coil side portions 10a, 105 are re-connected to each
other, and thus heights of the coil end portions at a full-pitch
winding portion may be uniform.

According to the first embodiment, the phase unit coils
5X1 and 5X2 are connected in parallel to each other, and thus
a cross sectional area of the winding strand is halved com-
pared to a case where the phase unit coils 5X1 and 5X2 are
connected in series to each other. Accordingly, an eddy cur-
rent loss occurring at the coil conductor portion is reduced.
Further, a less force is needed to form the coil, and thus
formability is enhanced and the coil is manufactured more
easily, which enhances a working performance during, for
example, assembly of the coil to the stator core 50. In the first
embodiment, where the wires are connected to each other in
Y-connection at a three-phase rotary electrical machine, the
winding wires may be connected at four points, that is, at each
of the phase terminals for the three phases and at the neutral
point. Accordingly, end portion processing of the winding
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wire is performed easily and simply, which allows the end
portions of the winding wire to be compact.

(2) Second Embodiment

In a second embodiment, a configuration of the end portion
of the helically-wound sheet-shaped coil differs from that in
the firstembodiment. FIGS. 8 A to 8D schematically illustrate
a configuration of an end portion (a sheet-end routing) of a
helically-wound sheet-shaped coil. The configurations of the
end portions of the second embodiment illustrated in FIGS.
8A to 8D differ from those illustrated in FIGS. 6A to 6D in
that the connecting points of the coil units 1a and 15 are not
included at the sheet end portion in the right direction on the
paper surface on which the FIGS. 8 A to 8D are drawn. FIGS.
8A to 8D correspond to FIGS. 6A to 6D, respectively, and
therefore the same reference numbers designate the same or
corresponding portions and description of these portions is
omitted. Further, in FIGS. 8A to 8D, the coil units 1a and 15
are illustrated in a solid line and a dotted line, respectively for
convenience of the explanation, however, the coil units 1a and
15 are actually formed integrally with each other. The expla-
nation will be made hereunder on the basis of FIG. 8A using
the U phase as an example, which applies also to the V phase
and W phase.

The phase unit coil 5U1 is wound starting at the U-phase
terminal 5TU in the right direction on the paper surface on
which FIG. 8A is drawn (corresponding to the coil unit 1a of
the U1 phase, which is illustrated in the solid line, refer to the
reference numbers 1 to 5) and then is wound back in the left
direction on the paper surface at a coil routing point SRU1
(corresponding to the coil unit 15 of the U2 phase, which is
illustrated in the dotted line, refer to the reference numbers 6
to 11), and then is connected to the neutral point 5N. The
phase unit coil 5U2 is wound starting at the U-phase terminal
5TU in the right direction on the paper surface (corresponding
to the coil unit 1a of the U2 phase, which is illustrated in the
solid line, refer to the reference numbers 100 to 104), wound
back in the left direction on the paper surface at a coil routing
point 5RU2 (corresponding to the coil unit 15 of the U1 phase
which is illustrated in the dotted line, refer to the reference
numbers 105 to 110), connected to the coil unit 16 of the U2
phase at the connecting point 5JU3, and then is connected to
the neutral point SN. The phase unit coil 5U1 and the phase
unit coil 5U2 are connected to each other in parallel so as to
form the phase coil 6U. Alternatively, the phase unit coil 5U1
may be routed to the neutral point SN without performing the
connecting processing at the connecting point 5JU3, so that
the connecting processing for all of the three phases is per-
formed at the neutral point SN.

In the second embodiment, the sheet end portion in the
right direction on the paper surface does not include the
connecting point of the winding wires, and thus the sheet end
portion is made more compact compared to the first embodi-
ment where the coils are connected to each other at the sheet
end portion. As illustrated in FIG. 8A, a coil end portion
height 5H1 refers to a height from a slot accommodation
portion of the stator core 50 to the coil routing point SRU1 and
a coil end portion height 5H2 refers to a height from the slot
accommodation portion of the stator core 50 to the coil rout-
ing point SRU2. Because the coil routing point SRU2 is lower
than the coil routing pint SRU1, the winding wires of the same
phase in a vicinity of the coil routing points SRU1 and SRU2
do not intersect with each other neither in the sheet thickness
direction nor in a direction of the height of the coil end
portions. Accordingly, the coil end portion at which the coil
side portions are re-connected may be made compact. Fur-
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ther, the winding wires in a vicinity of the coil routing points
5RU1 and 5RU2 are arranged to be substantially parallel to a
direction of an arrow 5P illustrated in FIG. 8 A, which corre-
sponds to the moving direction of the magnetic pole 61 of the
movable element 60, and to be offset relative to each other in
a direction of the coil side portion. Thus, the height of the coil
end portion in the direction of the coil side portion are set to
be substantially identical between the coil end portions at
which the coil side portions are re-connected and the coil end
portions at which the re-connection is not performed. Conse-
quently, the height of the coil end portions in the direction of
the coil side portion is uniform.

(3) Third Embodiment

A helically-wound sheet-shaped coil according to a third
embodiment differs from those of the first embodiment and
the second embodiment in that end portions, in the moving
direction of the magnetic pole 61 of the movable element 60,
of' the helically-wound sheet-shaped coil are overlapped with
each other so as to form a concentric cylindrical shape. FIGS.
9A and 9B are cross-sectional views ofthe coil side portion of
the helically-wound sheet-shaped coil including the concen-
tric cylindrical shape according to the third embodiment.
FIG. 9A illustrates the end portions of the helically-wound
sheet-shaped coil that is not formed in the concentric cylin-
drical shape, that is, in a state where the helically-wound
sheet-shaped coil is developed in a planar state. FIG. 9B
illustrates the end portions of the helically-wound sheet-
shaped coil formed in the concentric cylindrical shape. Atone
of the end portions of the helically-wound sheet-shaped coil
3, the coil side portions for six winding pitches which are
enclosed by a line defining an area B in FIG. 9A are provided
only in the first layer. At the other one of the end portions of
the helically-wound sheet-shaped coil, the coil side portions
for six winding pitches which are enclosed by a line defining
anarea C in FIG. 9A are provided only in the second layer. By
bringing the end portions of the helically-wound sheet-
shaped coil 3 in directions of respective arrows illustrated in
FIG. 9A, the helically-wound sheet-shaped coil 3 is formed to
present the concentric cylindrical shape as illustrated in FI1G.
9B.

For example, in FIG. 9A, starting at the coil side portion of
the forward direction U1 in the area B, the winding wire is
connected by means of the wave winding in an order of: the
forward direction U1, the reverse direction U1 followed by an
asterisk, the forward direction U1, the reverse direction Ul
followed by an asterisk repetitively in a direction of the area
C, and then is connected to the forward direction U2 of the
area C. Then, the winding wire is connected in an order of: the
forward direction U2, the reverse direction U2 followed by an
asterisk, the forward direction U2, and the reverse direction
U2 followed by an asterisk repetitively in a direction of the
area B, and then is connected to the reverse direction U2
followed by an asterisk adjacent to the area B. Similarly,
starting at the coil side portion of the forward direction U2 in
the area B, the winding wire is connected by means of the
wave winding in an order of: the forward direction U2, the
reverse direction U2 followed by an asterisk, the forward
direction U2, the reverse direction U2 followed by an asterisk
repetitively in the direction of the area C, and then is con-
nected to the forward direction Ul of the area C. Then, the
winding wire is connected by means of the wave winding in
an order of: the forward direction U1, the reverse direction Ul
followed by an asterisk, the forward direction U1, and the
reverse direction Ul followed by an asterisk repetitively in
the direction ofthe area B, and then is connected to the reverse
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direction U1 followed by an asterisk which is adjacent to the
area B. Next, in FIG. 9B, the phase terminal 5TU is connected
to the coil side portion of the forward direction U1 and to the
coil side portion of the forward direction U2 which are
enclosed by the line defining the area B. The neutral point SN
is connected to the coil side portion of the reverse direction
U1 followed by an asterisk which is adjacent to the area B,
and to the coil side portion of the reverse direction U2 fol-
lowed by an asterisk which is adjacent to the aforementioned
coil side portion of the reverse direction Ul to which the
neutral point 5N is connected.

Thus, similarly to the first and second embodiments, the
inner circulating current is prevented from occurring accord-
ing to the third embodiment. Plural of the helically-wound
sheet-shaped coil 3 may be arranged to form the concentric
cylindrical shape. In this case, the phase terminals of each of
the helically-wound sheet-shaped coil 3 are serially or paral-
lelly connected to each other for each phase, and the neutral
points are held together.

(4) Fourth Embodiment

The detailed descriptions were provided regarding the heli-
cally-wound sheet-shaped coil, however, this disclosure is not
limited to the helically-wound sheet-shaped coil and is
widely applicable to a rotary electrical machine including the
wave winding configuration. For a convenience of explana-
tion, the descriptions were provided regarding the case where
two kinds of the coil side portions are provided at each mag-
netic pole of each phase, and the two ofthe phase unit coils are
parallelly connected to each other. However, this disclosure is
applicable to a rotary electrical machine where the number of
the kinds of the coil side portions provided at each magnetic
pole of each phase is different from that in the above-de-
scribed case, and the number of the phase unit coils that are
parallelly connected to each other is different from that in the
above-described case. First, the rotary electrical machine of a
fourth embodiment, where three kinds of coil side portions
are provided at each magnetic pole of each phase, and three of
the phase unit coils are parallelly connected to each other, will
be described hereunder. Then, generalized descriptions will
be provided in the following section.

Each of FIGS. 10A and 10B is a view developed in a
circumferential direction of a rotary electrical machine
including three kinds of coil side portions at each magnetic
pole of each phase according to the fourth embodiment,
which illustrates an example of a connection status of
U-phase coils of the rotary electrical machine. As illustrated
in FIGS. 10A and 10B, the coil side portions of the three-
phase rotary electrical machine including six poles are
arranged in an order of: the U phase (the forward direction
U1), the U phase (the forward direction U2), the U phase (the
forward direction U3), the W phase (the reverse direction W1
followed by an asterisk), the W phase (the reverse direction
W2 followed by an asterisk), the W phase (the reverse direc-
tion W3 followed by an asterisk), the V phase (the forward
direction V1), the V phase (the forward direction V2) and the
V phase (the forward direction V3) in the moving direction of
the magnetic pole 61 of the movable element 60. Thus, a total
number of the kinds of the coil side portions of the U phase
refers to eighteen (=3x6 poles). The explanation will be made
hereunder by using the U phase as an example, which applies
also to the V phase and W phase.

The three kinds of the coil side portions for the U phase,
which are arranged adjacent to each other, are serially con-
nected to each other at the respective coil end portions (the
coil end portions are positioned at the same side in the direc-
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tion of the coil side portion) thereof so that each of the three
kinds of the coil side portions includes the wave winding
configuration, thereby forming the phase unit coils 5U1, 5U2
and 5U3. The phase unit coils 5U1, 5U2 and 5U3 are paral-
lelly connected to each other, one side of each of the phase
unit coils SU1, 5U2 and 5U3 is connected to the phase termi-
nal 5TU, and the other side of each of the phase unit coils 5U1,
5U2 and 5U3 is connected to the neutral pint 5N. In FIGS.
10A and 10B, the phase unit coil 5U1 is indicated in a bold
solid line, the phase unit coil 5U2 is indicated in a dotted line,
and the phase unit coil 5U3 is indicated in a thin solid line. In
FIGS. 10A and 10B, the reference numbers indicate a con-
nection order of the winding wire from the U-phase terminal
5TU to the neutral point SN. Because the phase unit coils
5U1, 5U2 and 5U3 are parallelly connected to each other, the
connection order of the winding wire of the phase unit coil
5U1 which starts at the U-phase terminal 5TU is indicated
with reference numbers starting with 10, the connection order
of'the winding wire of the phase unit coil 5U2 which starts at
the U-phase terminal 5TU is indicated with reference num-
bers starting with 20, and the connection order of the winding
wire of the phase unit coil SU3 which starts at the U-phase
terminal 5TU is indicated with reference numbers starting
with 30, for convenience of the explanation in FIGS. 10A and
10B.

FIG. 10A illustrates an example of the connection status
where the phase unit coil does not include the full-pitch
winding portion. The coil end portions of the phase unit coil
5U1 include a one-long-pitch winding portion (refer to the
reference number 10), the one-long-pitch winding portion
(refer to the reference number 11), a two-short-pitch winding
portion (refer to the reference number 12), the one-long-pitch
winding portion (refer to the reference number 13), the one-
long-pitch winding portion (refer to the reference number 14)
and the two-short-pitch winding portion (refer to the refer-
ence number 15). The six coil side portions of the phase unit
coil 5U1 are serially connected to each other in this order at
the respective coil end portions. The coil end portions of the
phase unit coil 5U2 include the one-long-pitch winding por-
tion (refer to the reference number 20), the two-short-pitch
winding portion (refer to the reference number 21), the one-
long-pitch winding portion (refer to the reference number
22), the one-long-pitch winding portion (refer to the reference
number 23), the two-short-pitch winding portion (refer to the
reference number 24) and the one-long-pitch winding portion
(refer to the reference number 25). The six coil side portions
of'the phase unit coil 5U2 are serially connected to each other
in this order at the respective coil end portions. The coil end
portions of the phase unit coil 5U3 include the two-short-
pitch winding portion (refer to the reference number 30), the
one-long-pitch winding portion (refer to the reference num-
ber 31), the one-long-pitch winding portion (refer to the ref-
erence number 32), the two-short-pitch winding portion (re-
fer to the reference number 33), the one-long-pitch winding
portion (refer to the reference number 34) and the one-long-
pitch winding portion (refer to the reference number 35). The
six coil side portions of the phase unit coil 5U3 are serially
connected to each other in this order at the respective coil end
portions. The connection from reference number 15 to the
reference number 10, the connection from reference number
25 to the reference number 20 and the connection from the
reference number 35 to the reference number 30, are repeated
for plural times depending on a required number of winding
at one phase. Here, “full-pitch winding portion” refers to the
wire winding portion where a distance between the coil side
portions serially connected to each other corresponds to one
pole pitch (nine winding pitches in the embodiment). The

10

15

20

25

30

35

40

45

50

55

60

65

16

“one-long-pitch winding portion” refers to the wire winding
portion where the distance between the coil side portions
serially connected to each other is longer than one pole pitch
by one winding pitch. In a similar manner thereto, the “two-
short-pitch winding portion” refers to the wire winding por-
tion where the distance between the coil side portions serially
connected to each other is shorter than one pole pitch by two
winding pitches.

For example, it is assumed that six of the coil side portions
of the U1 phase are selected and the phase unit coil 5U1 is
constituted by the selected six coil side portions, six of the
coil side portions of the U2 phase are selected and the phase
unit coil 5U2 is constituted by the selected six coil side
portions, and six of the coil side portions of the U3 phase are
selected and the phase unit coil 5U3 is constituted by the
selected six coil side portions. The coil side portions of the U1
phase, the coil side portions of the U2 phase and the coil side
portions of the U3 phase are arranged apart from each other
by one winding pitch in the moving direction of the magnetic
pole 61 of the movable element 60, and therefore the phases
thereof are, precisely speaking, different from each other
even though the phase unit coils 5U1, SU2 and SU3 are in the
same phase (the U phase). Accordingly, in a case where the
phase unit coil 5U1 is constituted only by the coil side por-
tions of the Ul phase, the phase unit coil 5U2 is constituted
only by the coil side portions of the U2 phase, and the phase
unit coil 5U3 is constituted only by the coil side portions of
the U3 phase, the induced voltages generated at the respective
phase unit coils 5U1, SU2 and 5U3 are different from each
other, and therefore, the circulating current occurs in the U
phase when the phase unit coils 5U1, 5U2 and 5U3 are par-
allelly connected to each other.

According to the fourth embodiment, in the phase unit coil
5U1, the six coil side portions are serially connected to each
other at the above-described coil end portions (refer to the
reference numbers 10 to 15), and thus the coil side portions
are selected in an order of: the U1 phase, the U2 phase, the U3
phase, the U1 phase, the U2 phase and the U3 phase. Accord-
ingly, the phase unit coil 5U1 includes two of the coil side
portions of the U1 phase, two of the coil side portions of the
U2 phase and two of the coil side portions of the U3 phase. In
a similar manner thereto, each of the phase unit coils 5U2 and
5U3 includes two each of the coil side portions of the U1, U2
and U3 phases. Consequently, the induced voltages generated
at the phase unit coils SU1, 5U2 and 5U3 are equal to each
other. Therefore, the circulating current is not generated in the
U phase even in a case where the phase unit coils 5U1, 5U2
and 5U3 are parallelly connected to each other, and thus the
output of the rotary electrical machine is maintained without
being decreased due to the circulating current in the phase.

Further, the three-phase rotary electrical machine illus-
trated in FIG. 10A includes the wave winding configuration
having the stator-circumference-multiple, in a similar manner
to the first embodiment, even in a case where, for example, the
field flux includes the variations due to the eccentricity of the
rotor and the like, variations is unlikely to occur between the
induced voltages generated at the respective phase coils.
Accordingly, the output of the rotary electrical machine is
maintained without being decreased due to the inner circu-
lating current between the phases. The stator-circumference-
multiple refers to that the circumferential length of the phase
unit coil is the natural-number multiple of the circumferential
length of the stator. The circumferential length of the phase
unit coil includes the number of the coil side portions serially
connected to each other at each of the phase unit coils (a
number k ofthe serially-connected coil side portions), and the
circumferential length of the stator includes a number 2p of
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the magnetic poles. In the fourth embodiment, the number k
of the serially-connected coil side portions refers to six and
the number 2p of the magnetic poles refers to six.

FIG. 10B illustrates an example of the connection status
where the full-pitch winding portion is included in part of the
phase unit coil. The coil end portions of the phase unit coil
5U1 include the full-pitch winding portion (refer to the ref-
erence number 10), the one-long-pitch winding portion (refer
to the reference number 11), the full-pitch winding portion
(refer to the reference number 12), the one-long-pitch wind-
ing portion (refer to the reference number 13), the full-pitch
winding portion (refer to the reference number 14) and the
two-short-pitch winding portion (refer to the reference num-
ber 15). The six coil side portions of the phase unit coil 5U1
are serially connected to each other in this order at the respec-
tive coil end portions. The coil end portions of the phase unit
coil 5U2 include the full-pitch winding portion (refer to the
reference number 20), the one-long-pitch winding portion
(refer to the reference number 21), the full-pitch winding
portion (refer to the reference number 22), the two-short-
pitch winding portion (refer to the reference number 23), the
full-pitch winding portion (refer to the reference number 24)
and the one-long-pitch winding portion (refer to the reference
number 25). The six coil side portions of the phase unit coil
5U2 are serially connected to each other in this order at the
respective coil end portions. The coil end portions of the
phase unit coil 5U3 include the full-pitch winding portion
(refer to the reference number 30), the two-short-pitch wind-
ing portion (refer to the reference number 31), the full-pitch
winding portion (refer to the reference number 32), the one-
long-pitch winding portion (refer to the reference number
33), the full-pitch winding portion (refer to the reference
number 34) and the one-long-pitch winding portion (refer to
the reference number 35). The six coil side portions of the
phase unit coil 5U3 are serially connected to each other in this
order at the respective coil end portions.

According to the rotary electrical machine illustrated in
FIG. 10B, each of the phase unit coils 5U1, 5U2 and 5U3
includes two each of the coil side portions of the U1, U2 and
U3 phases in a similar manner to the rotary electrical machine
illustrated in FIG. 10A. Consequently, the induced voltages
generated at the phase unit coils 5U1, 5U2 and 5U3 are equal
to each other. Therefore, the circulating current is not gener-
ated in the U phase even in a case where the phase unit coils
5U1, 5U2 and 5U3 are parallelly connected to each other, and
thus the output of the rotary electrical machine is maintained
without being decreased due to the circulating current in the
phase. Further, because the rotary electric machine illustrated
in FIG. 10B includes the wave winding configuration having
the stator-circumference-multiple, the output of the rotary
electrical machine is maintained without being decreased due
to the inner circulating current between the phases in a similar
manner to the rotary electrical machine illustrated in FIG.
10A.

(5) Generalized Descriptions

According to the wave winding coil for the rotary electrical
machine of the embodiments, one coil side portion is selected
at each of the magnetic poles from among n kinds of the coil
side portions which are arranged at each of the magnetic poles
of'each of the phases, the n kinds of the coil side portions are
in the same phase and includes different electromagnetic
phase from each other, n refers to a natural number, the coil
side portions selected for a required number of the magnetic
poles are serially connected to each other at the coil end
portion of the coil side portions for forming the phase unit
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coil, plural phase unit coils are parallelly connected to each
other for forming the phase coil, each of the plural phase unit
coils includes the selected coil side portions that are different
from each other. FIG. 11 schematically illustrates an example
of the phase configuration of the U phase of the rotary elec-
trical machine including n kinds of coil side portions at each
magnetic pole of each phase. The number of the magnetic
poles refers to 2p and the number of the phase unit coils
parallelly connected to each other refers to m. The number of
the serially-connected coil side portions in each of the phase
unit coils refers to the number k of the serially-connected coil
side portions.

As illustrated in FIG. 11, each of the phase unit coils is
constituted by the coil side portions of n kinds (from the Ul
phase to a Un phase) of the U phase which are serially con-
nected to each other and of which phases are electromagneti-
cally different from each other. Each of the phase unit coils
includes k pieces of the coil side portions and m pieces of the
phase unit coils are parallelly connected to each other. In FIG.
11, a reference character TU designates the U-phase terminal
and the reference character N designates the neutral point. A
connection order of the coil side portions that are serially
connected to each other is not limited to the order illustrated
in FIG. 11. Here, a number q of serially-connected-conduc-
tors per magnetic pole, the conductors belonging to one of the
kinds ofthe coil side portion, refers to one. In a case where the
number q of the serially-connected-conductors per magnetic
pole, the conductors belonging to one of the kinds of the coil
side portion, is plural, the phase unit coils illustrated in FIG.
11 may be serially connected to each other for as many as the
number q of the serially-connected-conductors per magnetic
pole, the conductors belonging to one of the kinds of the coil
side portion, and may be treated as the phase unit coil.

According to the embodiments, each of the phase unit coil
of the phase coil includes all of the n kinds of the coil side
portions in a manner that an identical number of each of the n
kinds of coil side portion is included in each of the phase unit
coil, the coil side portions are selected in a manner that the
number of the coil side portions serially connected to each
other is identical to each other between the phase unit coils,
and a relational expression expressing a total number of the
coil side portions included in the phase coil is expressed by a
mathematical expression 1 as follows.

mxk=nxqx2p. Mathematical expression 1
qxzp P

In order to prevent the circulating current in the phase from
occurring, each of the phase unit coils that are parallelly
connected to each other needs to include all kinds of the coil
side portions from among the n kinds in a manner that the
number of each of the n kinds is identical to each other
between the phase unit coils, and at the same time, the number
of'the coil side portions that are serially connected each other
needs to be identical to each other. In other words, the number
k of the serially-connected coil side portions needs to be the
natural-number multiple of n. Consequently, the number k of
the serially-connected coil side portions is expressed by a
mathematical expression 2 as follows by using a natural num-
ber g.

k=gxn (Mathematical expression 2)

Further, there needs to be substantially no variation
between the induced voltages generated at the respective
phase coils even in a case where the field flux includes the
variations due to, for example, the eccentricity of the rotor. In
a case where the variation occurs in the field flux, each of the
phase coils includes a coil portion where the induced voltage
is relatively high and a coil portion where the induced voltage
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is relatively low along the circumference of the stator. Thus,
by setting the circumferential length of the phase unit coil at
the natural-number multiple of the circumferential length of
the stator, the induced voltages are made to be uniform along
the circumference of the stator. The number of the serially-
connected coil side portions which are included in the cir-
cumferential length of the phase unit coil refers to k, and the
number of the magnetic poles included in the circumferential
length of the stator refers to 2p. Consequently, a relation
between k and 2p is expressed by a mathematical expression
3 as follows by using a natural number h. Further, in a case
where the phase unit coils are serially connected to each other
for as many as the number q of the serially-connected-con-
ductors per magnetic pole, the conductors belonging to one of
the kinds of the coil side portion, the number k of the serially-
connected coil side portions is expressed by a mathematical
expression 4 as follows by using a natural number z. The
relational expression expressed by the mathematical expres-
sion 3 is expressed by the relational expression expressed by
the mathematical expression 4.

k=hx2p (Mathematical expression 3)

k=zx2pxq (Mathematical expression 4)

The product of the number m of the phase unit coils that are
parallelly connected to each other and the number k of the
serially-connected coil side portions refers to a total number
of'the coil side portions per phase, and thus the total number
of' the coil side portions per phase is expressed by the above-
described mathematical expression 1. By substituting the
mathematical expression 2 into the mathematical expression
1, m is expressed by a mathematical expression 5 as follows.
Further, by substituting the mathematical expression 4 into
the mathematical expression 1, m is expressed by a math-
ematical expression 6 as follows. From the mathematical
expressions 5 and 6, m needs to be a common divisor between
qx2p and n.

m=gx athematical expression
qx2p/g Math ical expression 5

m=n/z (Mathematical expression 6)

Relative to the number n of the kinds of the coil side
portions provided at each magnetic pole of each phase and
relative to the number 2p of the magnetic poles, example
combinations of m and k, which are calculated on the basis of
the relational expression indicated in the mathematical
expression 1 in a case where q=1, are shown in Table 1.
Example combinations of m and k, which are calculated on
the basis of the relational expression indicated in the math-
ematical expression 1 in a case where g=4, are shown in Table
2. In Tables 1 and 2, each of the combinations of the number
m (the number of the phase unit coils parallelly connected to
each other) and the number k (the number of the coil side
portions serially connected to each other) is shown within a
pair of parentheses in a manner that m and k are separated
from each other by comma. The number positioned on the left
within each pair of parentheses refers to the number m and the
number positioned on the right within each pair of parenthe-
ses refers to the number k. The embodiments are, however,
not limited to the combinations shown in Table 1 and 2, and
are applicable to a case where the number n of the kinds of the
coil side portions at each magnetic pole of each phase is equal
to or greater than four, and a case where the number 2p of the
magnetic poles is equal to or greater than ten. Further, the
number q of the serially-connected-conductors is not limited
to one and four.
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TABLE 1

Number n of
kinds of coil side
portion at each

magnetic pole of Number 2p of magnetic poles

each phase 2(p=1) 4(p=2) 6(p=3) 8(p=4)
2 2,2 2,4 @2,6) 2,8)
3 None None (3,6) None
TABLE 2
Number n of
kinds of coil side
portion at each
magnetic pole of Number 2p of magnetic poles
each phase 2(p=1) 4(p=2) 6(p=3) 8(p=4)
2 2,8 (2,16) (2,24) (2,32)
3 None None (3,24) None

According to the embodiments, each of the phase unit coil
parallelly connected to each other includes all of the n kinds
of'the coil side portions in a manner that the identical number
of'each of the n kinds of coil side portion is included in each
of the phase unit coil, the coil side portions are selected in a
manner that the number of the coil side portions serially
connected to each other is identical to each other between the
phase unit coils, the relational expression expressing the total
number of the coil side portions included in the phase coil is
expressed by the mathematical expression 1. Accordingly, the
induced voltages generated at respective phase unit coils par-
allelly connected to each other are equal to each other. Thus,
the circulating current in the phase does not occur, and there-
fore the output of the rotary electrical machine is not
decreased by the circulating current in the phase and the
output of the rotary electrical machine is maintained. Further,
the embodiments include the wave winding configuration
having the stator-circumference-multiple, that is, the circum-
ferential length of the phase unit coil (the number of the
serially-connected coil side portions included refers to k) is
the natural-number multiple of the circumferential length of
the stator (the number of the magnetic poles included refers to
2p). Thus, even in a case where the field flux includes the
variations due to, for example, the eccentricity of the rotor
and the like, the variations are unlikely to occur at the induced
voltages generated between the phase coils. Accordingly, the
output of the rotary electrical machine is not decreased by the
inner circulating current between the phases and the output of
the rotary electrical machine is maintained.

According to the embodiments, the phase unit coils are
connected in parallel to each other, and thus the cross sec-
tional area of the winding strand is halved compared to the
case where the phase unit coils are connected in series to each
other. Accordingly, the eddy current loss occurring at the coil
conductor portion is reduced. Further, the less force is needed
to form the coil, and thus the formability is enhanced and the
coil is manufactured more easily, which enhances the work-
ing performance during, for example, the assembly of the coil
to the stator core. In the embodiments, where the wires are
connected to each other in Y-connection at the three-phase
rotary electrical machine, the winding wires may be con-
nected atthe four points, that is, at each of the phase terminals
for the three phases and at the neutral point. Accordingly, the
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end portions of the winding wires are processed easily and
simply, which allows the end portions of the winding wire to
be compact.

According to the embodiments, the number k of the seri-
ally-connected coil side portions is obtained by multiplying
the number 2p of the magnetic poles by the natural number h
as shown in the mathematical expression 3. Thus, the end
portions of the winding wire of the respective phase unit coils
that are parallelly connected to each other are arranged in the
vicinity of each other. Accordingly, a length of a connecting
wire for parallelly connecting the phase unit coils to each
other is short, which facilitates the routing of the wire. Fur-
ther, because the number k of the serially-connected coil side
portions is an even number, the end portions of the winding
wire of the phase unit coil are arranged at a same side of the
slot accommodation portion in the axial direction. Accord-
ingly, there is no need to rotate the stator in order to route the
connecting wire, and thus an operation process is reduced.

According to the embodiments, it is desirable that each of
the parallelly-connected phase unit coils includes the n kinds
of' the coil side portions which are serially connected to each
other by kind and are arranged in the moving direction of the
magnetic pole of the movable element. The portion, at which
the coil side portions of the same kind are serially connected
to each other, refers to the full-pitch winding portion. Thus, at
the portion at which the coil side portions of the same kind are
serially connected to each other, a positional relationship
between the coil side portions relative to each other in the
moving direction of the magnetic pole of the movable ele-
ment is maintained. Accordingly, the configuration of the coil
end portions and/or the height of the coil end portions in the
direction of the coil side portion are uniform.

(6) Others

This disclosure is not limited to the aforementioned
embodiments illustrated in the drawings, however, may be
appropriately changed or modified for implementation with-
out departing from the scope of the disclosure. Further, this
disclosure may be used for various rotary electrical machines
including the wave winding configuration. For example, this
disclosure is applicable to an electric motor for a vehicle, an
electric motor used in a household electrical appliance, or an
electric motor driving general industrial machinery.

According to the aforementioned embodiments, the wave
winding coil for the rotary electrical machine includes the
coil units 1a, 16 including the coil side portions 10a, 105 and
the coil end portions 20a, 205, each of the coil side portion
104, 105 is configured to be provided by insertion at each slot
52 of the stator core 50 and to be positioned in the slot 52 in
the alternating manner, each of the coil end portion 20a, 205
is formed integrally with the coil side portion 10a, 1056 and
connecting the end portions of the coil side portions 10a, 105
to each other, the end portions of the side portions 10a, 105
are located at the identical side in the direction of the coil side
portion 10a, 105, the coil units 1a, 15 is wound to include the
wave winding configuration, wherein one coil side portion
10a, 105 is selected at each of the magnetic poles 51 from
among the n kinds of coil side portions 10a, 106 which are
arranged at each of the magnetic poles 51 of each of the
phases U, V, W, the n kinds of coil side portions 10a, 105 are
in the same phase U, V, W and includes the different electro-
magnetic phase from each other, n refers to the natural num-
ber, the coil side portions 10a, 105 selected for the required
number of the magnetic poles 51 are serially connected to
each other at the coil end portions 20a, 205 of the coil side
portions 10a, 105 for forming the phase unit coil 5X1, 5X2,
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the plural phase unit coils 5X1, 5X2 are parallelly connected
to each other for forming the phase coil 6X, each of the plural
phase unit coils 5X1, 5X2 includes the selected coil side
portions 10a, 105 that are different from each other, each of
the phase unit coils 5X1, 5X2 of the phase coil 6X includes all
ofthe n kinds in a manner that the identical number of each of
the n kinds of coil side portion 10a, 105 is included in each of
the phase unit coil 5X1, 5X2, the coil side portions 10a, 105
are selected in a manner that the number of the coil side
portions 10a, 105 serially connected to each other is identical
to each other among the plural phase unit coils 5X1, 5X2, the
relational expression expressing the total number of the coil
side portions 10a, 105 included in the phase coil 6X is
expressed by the mathematical expression 1, the mathemati-
cal expression 1 refers to mxk=nxqx2p, and m refers to the
number of the phase unit coils 5X1, 5X2 that are parallelly
connected to each other, k refers to the number of the coil side
portions 10a, 104 that are serially connected to each other, q
refers to the number of the serially-connected-conductors per
magnetic pole 51, the serially-connected-conductor belongs
to one of the kinds of the coil side portions, 2p refers to the
number of the magnetic poles 51, m refers to a common
divisor between qx2p and n.

According to the above described structure, each of the
phase unit coils 5X1, 5X2 of the phase unit 6X includes all of
the nkinds in a manner that the identical number of each of the
n kinds of coil side portion 10a, 105 is included in each of the
phase unit coil 5X1, 5X2, the coil side portions 10a, 105 are
selected in a manner that the number of the coil side portions
104, 104 serially connected to each other is identical to each
other among the plural phase unit coils 5X1, 5X2, the rela-
tional expression expressing the total number of the coil side
portions 10a, 1056 included in the phase coil 6X is expressed
by the mathematical expression 1, the mathematical expres-
sion 1 refers to mxk=nxqx2p. Accordingly, the induced volt-
ages generated at the respective phase unit coils 5X1, 5X2
parallelly connected to each other are equal to each other.
Thus, the circulating current in the phase U, V, W does not
occur, and therefore the output of the rotary electrical
machine is not decreased by the circulating current in the
phase U, V, W and the output of the rotary electrical machine
is maintained. Further, the above described structure includes
the wave winding configuration having the stator-circumfer-
ence-multiple, that is, the circumferential length of the phase
unit coil 5X1, 5X2 (the number of the serially-connected coil
side portions 10a, 105 included refers to k) is the natural-
number multiple of the circumferential length of the stator
(the number of the magnetic poles 51 included refers to 2p).
Thus, even in a case where the variations occur in the field flux
due to, for example, the eccentricity of the rotor, the variations
are unlikely to occur at the induced voltages generated
between the phase coils 6X. Accordingly, the output of the
rotary electrical machine is not decreased by the inner circu-
lating current between the phases U, V, W and the output of
the rotary electrical machine is maintained.

According to the above described structure, the phase unit
coils 5X1 and 5X2 are connected in parallel to each other, and
thus the cross sectional area of the winding strand is halved
compared to a case where the phase unit coils 5X1 and 5X2
are connected in series to each other. Accordingly, the eddy
current loss occurring at the coil conductor portion is reduced.
Further, the less force is needed to form the coil, and thus the
formability is enhanced and the coil is manufactured more
easily, which enhances the working performance during, for
example, the assembly of the coil to the stator core 50.
According to the above described structure, in a case where
the wires are connected to each other in Y-connection at the
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three-phase rotary electrical machine, the winding wires may
be connected at the four points, that is, at each of the phase
terminals 5TX for the three phases and at the neutral point SN.
Accordingly, the end portion processing of the winding wire
is performed easily and simply, which allows the end portions
of the winding wire to be compact.

According to the aforementioned embodiments, the phase
unit coil 5X1, 5X2 includes the n kinds of the coil side
portions 10a, 105 serially connected to each other by kind and
arranged in the moving direction of a magnetic pole 61 of the
movable element 60.

According to the above described structure, the phase unit
coil 5X1, 5X2 includes the n kinds of the coil side portions
10a, 106 serially connected to each other by kind and
arranged in the moving direction of a magnetic pole 61 of the
movable element 60. Thus, the portion, at which the coil side
portions 10a, 105 of the same kind are serially connected to
each other, refers to the full-pitch winding portion. Accord-
ingly, at the portion at which the coil side portions 10a, 105 of
the same kind are serially connected to each other, the posi-
tional relationship between the coil side portions 10a, 105
relative to each other in the moving direction of the magnetic
pole 61 of the movable element 60 is maintained. Accord-
ingly, the configuration of the coil end portions 20a, 205
and/or the height of the coil end portions 20a, 205 in the
direction of the coil side portion 10a, 105 are uniform.

According to the aforementioned embodiments, the wave
winding configuration is configured as the helically-wound
sheet-shaped coil 3 in which the coil unit 1qa, 15 is linked in
the helical state, and one of the coil side portions 10a, 105
serially connected to each other is re-connected to another
one of the coil side portions 10a, 105 serially connected to
each other at the end portion of the helically-wound sheet-
shaped coil 3 in the moving direction of the magnetic pole 61
of the movable element 60, the one of the coil side portions
104, 105 and the another one of the coil side portions 10a, 105
are in the same phase U, V, W and include the different
electromagnetic phase from each other.

According to the above described structure, the re-connec-
tion between the coil side portions 10a, 105 is performed at
the end portions of the helically-wound sheet-shaped coil 3 in
the moving direction of the magnetic pole 61 of the movable
element 60, and therefore the coils are manufactured easily
and the operation performance is enhanced.

According to the aforementioned embodiments, the coil
end portions 20a, 205 which are in the same phase and at
which the coil side portions 10a, 105 are re-connected are
overlapped with each other in the direction orthogonal to the
moving direction of the magnetic pole 61 of the movable
element 60.

According to the above described structure, the coil end
portions 20a, 205 in the same phase, whose coil side portions
104, 105 are re-connected, are overlapped with each other in
the direction orthogonal to the moving direction of the mag-
netic pole 61 of the movable element 60, and thus the coil end
portions at which the coil side portions are re-connected are
made compact.

According to the aforementioned embodiments, the coil
end portions 20a, 205 which are in the same phase and at
which the coil side portions 10a, 105 are re-connected are
arranged to be substantially parallel to the moving direction
of the magnetic pole 61 of the movable element 60 and to be
offset relative to each other in the direction of the coil side
portion 10a, 105.

According to the above described structure, the coil end
portions 20a, 205 which are in the same phase and at which
the coil side portions 10a, 1056 are re-connected are arranged
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to be substantially parallel to the moving direction of the
magnetic pole 61 of the movable element 60 and to be offset
relative to each other in the direction of the coil side portion
104, 105. Thus, the height of the coil end portion 10a, 105 in
the direction of the coil side portion are set to be substantially
identical between the coil end portions 10a, 105 at which the
coil side portions are re-connected and the coil end portions
104, 105 at which the re-connection is not performed.

The principles, preferred embodiments and mode of opera-
tion of the present invention have been described in the fore-
going specification. However, the invention which is intended
to be protected is not to be construed as limited to the par-
ticular embodiments disclosed. Further, the embodiments
described herein are to be regarded as illustrative rather than
restrictive. Variations and changes may be made by others,
and equivalents employed, without departing from the spirit
of'the present invention. Accordingly, it is expressly intended
that all such variations, changes and equivalents which fall
within the spirit and scope of the present invention as defined
in the claims, be embraced thereby.

The invention claimed is:
1. A wave winding coil for a rotary electrical machine,
comprising:
a coil conductor including coil side portions and coil end
portions,
each of'the coil side portions being configured to be provided
by insertion at each slot of a stator core and to be positioned
in the slot in an alternating manner,
each of the coil end portions being formed integrally with
each of'the coil side portions and connecting end portions of
the coil side portions to each other, the end portions of the side
portions being located at an identical side in a direction of the
coil side portion,
the coil conductor being wound to include a wave winding
configuration, wherein
one coil side portion is selected at each of magnetic poles
from among n kinds of the coil side portions which are
arranged at each of the magnetic poles of each phase, the
n kinds of the coil side portions are in a same phase and
includes different electromagnetic phase from each
other, n refers to a natural number,
the coil side portions selected for a required number of the
magnetic poles are serially connected to each other at the
coil end portions of the coil side portions for forming a
phase unit coil, a plurality of the phase unit coils are
parallelly connected to each other for forming a phase
coil, each of the plurality of the phase unit coils includes
the selected coil side portions that are different from
each other,
each of the phase unit coils of the phase coil includes all of
the n kinds in a manner that an identical number of each
of the n kinds of coil side portion is included in each of
the phase unit coil, the coil side portions are selected in
a manner that the number of the coil side portions seri-
ally connected to each other is identical to each other
between the plurality of phase unit coils, a relational
expression expressing a total number of the coil side
portions included in the phase coil is expressed by a
mathematical expression 1, the mathematical expres-
sion 1 refers to mxk=nxqx2p, and
m refers to the number of the phase unit coils that are
parallelly connected to each other, k refers to the number
of the coil side portions that are serially connected to
each other, q refers to the number of serially-connected-
conductors per magnetic pole, the serially-connected-
conductor belongs to one of the kinds of the coil side
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portions, 2p refers to the number of the magnetic poles,
m refers to a common divisor between qx2p and n.

2. The wave winding coil for the rotary electrical machine
according to claim 1, wherein the phase unit coil includes the
n kinds of the coil side portions serially connected to each
other by kind and arranged in a moving direction of a mag-
netic pole of a movable element.

3. The wave winding coil for the rotary electrical machine
according to claim 1, wherein the wave winding configura-
tion is configured as a helically-wound sheet-shaped coil in
which the coil conductor is linked in a helical state, and

one of the coil side portions serially connected to each

other is re-connected to another one of the coil side
portions serially connected to each other at an end por-
tion of the helically-wound sheet-shaped coil in the
moving direction of the magnetic pole of the movable
element, the one of'the coil side portions and the another
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one of the coil side portions are in the same phase and
include the different electromagnetic phase from each
other.

4. The wave winding coil for the rotary electrical machine
according to claim 3, wherein the coil end portions which are
in the same phase and at which the coil side portions are
re-connected are overlapped with each other in a direction
orthogonal to the moving direction of the magnetic pole of the
movable element.

5. The wave winding coil for the rotary electrical machine
according to claim 4, wherein the coil end portions which are
in the same phase and at which the coil side portions are
re-connected are arranged to be parallel to the moving direc-
tion of the magnetic pole of the movable element and to be
offset relative to each other in the direction of the coil side
portion.



